Abstract. The main target of this paper is to determine the seasonal features of the wind speed in the northwestern of Senegal and to assess the cost of annual energy output using wind turbines provided from several manufactures. The wind data used for this study were collected in four sites located in the northwestern coast of Senegal and cover the period of one year. The seasonal mean wind speed and the annual distribution curves were obtained by using the Weibull distribution function. A technical assessment of electricity generation from five big wind turbines which power is between 640 kW and 2000 kW and from six small wind turbines which power is between 250 W and 10 kW were carried out. The results obtained show that the lower cost (0.0265 e/kWh in Sokhar) was observed for the wind turbine Ecotècnia 62. The highest cost was 0.5103 e/kWh (in Gandon) observed for the technology of Alize. All wind turbines was better suited to the site of Sokhar with the highest capacity factor and the lowest cost of output energy.
Introduction
The use of the fossil fuels have been creating serious environmental problems, such as gas emissions, air pollution and climate changes thereby making current energy trends to be unsustainable thus necessitating a better balance between energy, economics, development and protection of the environment [1] . Renewable energy sources (wind, solar, hydro, biomass, etc.) are inexhaustible, clean, free and offer many environmental and economical benefits in contrast to conventional energy sources [2] . So, wind energy appears as a clean and good solution to cope with a great part of this energy demand [3] . Recently, many researchers [4] [5] [6] [7] have studied the wind energy resources in the sites all over the world. In Senegal, the development of new wind projects continues to be hampered by the lack of knowledge of wind potential and the absence of reliable and accurate wind resource data in many parts of the country. Recent studies [8] [9] [10] [11] [12] [13] [14] have concluded that the best area to use wind energy is along the coastal areas of Senegal. However, we have a little knowledge about the seasonal variation of the wind speed and the economic analysis of the wind electricity generation by using wind turbines. So, the contribution of this paper is to evaluate the wind power potential by determining the seasonal effect on the characteristics of the wind speed in four sites
Correspondence: boudy bilal@yahoo.fr (Kayar, Potou, Gandon and Sakhor) located in the northwestern coast of Senegal and to assess the cost of wind electricity produced by using wind turbines which with different size. This study allows to choose a suitable wind turbines with the high performances and lower costs of kWh produced.
Material and methods

Description of the sites and data collected
In the present study, four metrological stations were installed in the sites of Kayar, Potou, Gandon, and Sakhor located along the northwestern coast of Senegal. Table 1 gives the locations of these meteorological stations, the period of collect and coverage rate of data for each site. These stations were equipped with a data acquisition system which, records every 10 min the average, maximum and minimum values for each sensor. The evaluation of the collected data in the sites has showed that the coverage rate was between 96% and 100%.
Theoretical models
(1) Mean wind speed : In the present study, the wind speeds data measured every ten minutes for one year in each site Article published by EDP Sciences
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International Journal of Metrology and Quality Engineering were used to calculate the wind potential. The seasonal mean wind speed values were calculated by using equation (1), [15] 
where n is the observation number and v i is the wind speed in time stage i.
(2) Weibull distribution: Weibull distribution has been commonly used in literature to express the wind speed distribution and to estimate the wind power density. The Weibull distribution is a good match with the experimental data. The probability density function of Weibull is given by equation (2) [16] :
where A and k are respectively the scale and the shape parameters of Weibull, which can be determined by using the Maximum likelihood method equations (3) and (4) [17] 
Smaller k values correspond to more variable (more gusty) winds and the higher A values correspond to a good potential.
(3) Wind power density: The long-term wind speed distribution f (v) is combined with the available wind power to give the average wind power density, which can be expressed as follows [18] :
where Γ (x) is the gamma function of (x) given by:
(4) Extrapolation of the wind speed with the height : the wind speed was collected at 20 and 30 m of high in Kayar and Potou, at 20 and 40 m in Gandon, and at 7 and 12 m above ground level in Sakhor. For wind projects, it is necessary to estimate the wind speed at the wind turbine hub height. According to the literature, the most commonly used method to adjust the wind speed from one level to another is the power law method [19] expressed by:
where v 0 is the reference wind speed (m/s), h 0 is the reference height (m), v is the wind speed (m/s) to be determined for the desired height h, and α is the roughness factor estimated by using the wind speed measurement at the two altitudes.
Wind turbine output model
Major wind turbine manufacturers give the power curves of their products in their technical notes. So, it is simple to estimate the power output of any wind turbine when a series of measurements were conducted in the studied site. However, in several cases only the probability distribution function is available. In this situation the power output from the wind turbine can be expressed as [20] :
where f (v) is the Weibull distribution given by equation (1), P w is the electrical power ouput of the turbine. A model for electrical power output from the wind turbine is expressed as follows [21] :
where P r is the rated electrical power (W ), v ci is the cut-in speed (m/s), v r is the rated speed (m/s) v co is the cut-off speed (m/s) and k is the unitless Weibull shape parameter defined by (3). Substituting equations (2) and (9) into equation (8) yields equation (10) [20, 21] :
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For small-scale wind turbines, the cut-in speed and nominal speed are in general smaller, and the wind turbines can operate easily even when the wind speed is not very high. The average energy output E out for a period of time Δt will be calculated as:
The capacity factor C f is one of the performance parameters of wind turbines that both the user and manufacturer need to know. It represents the fraction of the total energy delivered over a period (E out ) divided by the maximum energy that could have been delivered if the wind turbine was used at maximum capacity over the all period. For the period of a year, the maximum energy output can be calculated by [17] :
The capacity factor (C f ) which is one of the parameters used to estimate the performance of wind turbines, can be computed as:
Economic analysis
While adding up costs over time is better than simply comparing initial capital costs, a mathematical method called "the present value of costs" (PVC) analysis takes into account the fact that the value of money changes over time. The following assumptions are used to determine the present value of electricity costs [22] .
-Investment (I) includes the turbine price plus its 20% for the civil work and other connections.
-Operation, maintenance and repair cost (C omr ) was considered to be 30% of the annual cost of the wind turbine (machine price/lifetime). -The life time of the wind turbine (t) was assumed to be 20 years. -The interest rate (r) and inflation rate (i) were taken to be 7.5% and 2%, respectively. -Scrap value S was taken to be 10% of the wind turbine price and civil work. The present value of costs (P V C) is given by equation (13):
3 Results and discussion
Wind regimes in the all sites
The wind regimes in the sites of Kayar, Potou, Gandon and Sakhor were determined by using the data collected at two heights for each site. The monthly average wind speed was calculated. Two distinct seasons were noticed in these regions: a dry season (November-May) and a rainy season (June-October). In the all sites, the results show that the dry season was characterized by strong wind regimes in contrast the rainy season is characterized by a lower mean wind speed. The mean wind speed was directly calculated at the hub height of the wind turbine. This is done by using equation (7) for the four selected stations. The roughness factor was of 0.23, 0.25, 0.27 and 0.33 in Potou, Kayar, Gandon and Sakhor respectively. These roughness factors were used to calculate the mean wind speed and the Weibull parameters at the height of the wind turbines hub so as to estimate the electricity generation, then the cost of delivered electricity. The statistical analysis of the wind speed has been carried out through determining the distribution and the Weibull parameters. The observed and Weibull distribution were determined using collected data on the sites of Potou, Kayar, Gandon and Sakhor. Figure 1 shows a good corresponding between the observed and the Weibull distribution. This study, also, made it possible to determine the seasonal Weibull parameters and the power density for the all height of measures. 
Estimation of energy output and cost analysis
(1) Wind turbines characteristics: the features of the selected wind turbines from several manufactures are given in Table 4 [23]. The rated power of these wind turbines is between 640 and 2000 kW for the big wind turbine and varies between 300 W and 10 kW for the small wind turbines. For the big wind turbine, the Cut-in speed varies between 3-4 m/s and the rated speed is between 13-14.50 m/s in contrast for the small wind turbines, the cut-in speed varies between 2-3.5 m/s and the rated speed is between 8-14 m/s. These wind turbines were used to study their performance by calculating the output energy, the capacity factor and the electricity cost in the all site so as to choose a suitable wind turbine for electricity generation to grid connection or for isolated application.
(2) Cost analysis: the annual energy output and capacity factor for large and small different wind turbines were calculated for the four stations. The results obtained were given in Table 5 . The highest capacity factor for the all wind turbines is obtained in the site of Sakhor. The values were between 12% (BW-Excel) and 39% (Yellow-Sand). In contrast in the site of Gandon, the capacity factor was lowest and varies between 4% and 18% (Tab. 5). It is noted that the capacity factor was highest for the wind turbine Yellow-Sand in the all site and was lowest for the wind turbine BW-Excel in the all sites (Tab. 5). That is because of the wind turbine Yellow-Sand has the lowest nominal speed in contrast of the BW-Excel which the nominal speed is greater. It can, also, be noted that the energy output was greater for the large wind turbines than for the small wind turbines. That is because of the size of these wind turbines.
The present value of costs (PVC) for each wind turbine was calculated by substituting technical data of the chosen wind turbines in equation (14) . The cost of electricity for each wind turbine is obtained dividing the PVC by the total energy output over the life time (20 years) of the wind turbines.
The results obtained are seen in Table 6 . The cost of the energy output from the all wind turbines was better in the site of Sakhor than in the other sites.
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International Journal of Metrology and Quality Engineering It was between 0.0265 e/kWh and 0.1833 e/kWh. However, the highest cost was noted for the site of Gandon. It was between 0.1175 e/kWh and 0.5103 e/kWh. The fact that the cost of electricity generated was better for Sakhor than the rest of sites is due to the wind potential which was greater for Sakhor than the rest of the sites.
The wind turbine Ecotècnia-62 presented the best cost of kWh compared to the all big wind turbines. Wheireas, the cost of the kWh was the better for Montana compared to the all other small wind turbines. It can, also, be noted that the wind turbine Yellow-Sand which the capacity factor was better than the other small wind turbine present the high cost in the site of Sokhar (0.1833 e/kWh) compared to the rest of the small wind turbines. That because of his lowest energy output associate to his size. However, this wind turbine can operate more on the sites.
Conclusion
In this study, the wind speed and the wind power density were determined for the period of one year in Potou, Kayar, Gandon and Sakhor located in the northwestern coast of Senegal. The wind speed frequency distribution of locations was found by using Weibull distribution functions. From this statistical data analysis and calculations of electricity generation, it can be concluded that:
-Two distinct seasons are noticed in these regions: a dry season (November-May) and a rainy season (JuneOctober). The dry season was characterized by strong wind regimes; whereas, the rainy season was subjected to lower mean wind speeds. -The performance study of the all wind turbines was achieved in the all sites through determining the factor capacity and the energy output. The all wind turbines have the best capacity factor in the site of Sakhor in which the electricity cost was, also, better. The lowest capacity factor was observed in the site of Gandon for the all wind turbines.
